We have previously demonstrated that the AgNOR count in proliferating cells is a predictor of tumor recurrence in superficial bladder tumor (J. Urol. 162 (1999), 63-68). In the present study, we evaluate the type of AgNOR associated with cell cycles as a prognostic factor in invasive bladder tumor using a double staining technique employing both AgNOR and MIB-1 labelling.
Introduction
A number of pathologic features, e.g., tumor grade and stage, have been identified as predictors of prognosis in the patients with bladder tumor. However, the conventional histological grading system is largely dependent on the subjectivity of the pathologist. Furthermore, it is still difficult to predict the biological behavior of individual bladder tumors precisely by the conventional histological grading system alone [1] . Therefore, quantitative methods have been studied to define new clinically relevant variables in place of subjective grading.
Nucleolar organizer regions (NORs) are identical to fibrillar centers on electron microscopic analysis [2, 3] and are visible by silver staining (AgNORs) [4] . Derenzini et al. mentioned that AgNOR quantity is directly related to cell proliferation rate on the study of neuroblastoma cell lines [5] . In many carcinomas, it has been reported that the mean AgNOR number per nucleus (AgNOR count) is associated with tumor aggressiveness and the prognosis of patients [6] . On the other hand, the question of whether or not AgNOR count can demonstrate biological behavior in a bladder tumor is still controversial. Lipponen et al. have reported that the AgNOR count was significantly related to histological grade, clinical stage, and survival in bladder tumor [7] . However, Zambelli claimed that the AgNOR count showed no significant association with either tumor grade, stage or prognosis in bladder tumor [8] . Such conflicting reports are caused by, not only the technical problems of AgNOR stainings, but also the difficulty of determining the significance of the AgNOR regarding tumor behavior or aggressiveness. It is considered that AgNOR count could reflect various phenomena, such as cell proliferation, ploidy or protein synthesis [9] . Furthermore, there are variations in the number of AgNOR from cell to cell. Thus, a new technique that can provide more accurate AgNOR counting to reflect tumor behavior is necessary.
On the other hand, the fraction of proliferating cells (the growth fraction) in a tumor is an important prognostic feature in many malignancies. One of the most promising immunohistochemical markers for cellular proliferation is Ki-67, which recognizes a nuclear antigen expressed throughout the whole phase of the cell cycle (late G1, S, G2 and M phase) [10] . Bigras et al. performed double staining of AgNOR and Ki-67 in lung carcinomas and evaluated the real proliferating activity combined with AgNOR values (cell proliferation rate) and Ki-67 labelling index (growth fraction) [11] . In bladder tumor, although some investigators have demonstrated a relationship between the number of AgNOR and Ki-67 expression [8, 12] , no previous studies have simultaneously assessed Ag-NOR and Ki-67 expression.
We considered that the variation of the AgNOR number from cell to cell could be eliminated by labeling the proliferative cells in association with the cell cycle. Therefore, in a previous study, we established the simultaneous staining technique of AgNOR with Ki-67 using MIB-1 antibody and showed that AgNOR count in proliferating cells (proliferating NOR) had a predictive value for tumor recurrence in a superficial bladder tumor, but not for tumor progression [13] . It is well understood that proliferation rate is associated with the velocity of cell growth, but this is principally different from the malignant potential of a tumor, such as with invasion or metastasis. Given that AgNOR correlates with both proliferation and malignant potential, it is hypothesized that the evaluation of NOR count in resting cells (resting NOR) could reflect the malignant potential of the tumor cells, but not the proliferation. Thus, in this study, we have focused on whether resting NOR is a prognostic marker in patients with invasive bladder tumor.
Materials and methods

Bladder tumor specimens
Tissue specimens retrospectively obtained from 44 patients (31 male and 13 female) with an invasive bladder tumor between August 1989 and January 1996 (over 6.5 years) were used in this study. All of the specimens were obtained at the time of transurethral resection. The age of these patients ranged from 36 to 89 years, with an average of 69.1 years. The tumors were staged according to the TNM classification of UICC in 1997 [14] and were graded based on the criteria of the Japanese Urological Association [15] , which is based on the WHO classification. Patients were treated by radical cystectomy, chemotherapy and/or radiation therapy after TUR-Bt, and were followed by morphological studies at six-month intervals. The length of observation ranged from 4 to 103 months with average of 38 months.
AgNOR-MIB-1 staining
The paraffin-embedded blocks were fixed in 10% neutralized buffered formalin and were cut at a thickness of 4 micrometers. Double staining of AgNOR and MIB-1 was performed as described previously [13] . In each case, a single staining of AgNOR or MIB-1 was prepared as a control.
AgNOR counts
The serial sections stained by single (AgNOR alone) and double staining (AgNOR/MIB-1) were observed under oil immersion at 1,000-fold magnification. Careful focusing was employed to resolve individual AgNORs in clusters as well as satellite AgNORs scattered throughout the nucleus. The number of AgNORs was counted in one hundred cells for MIB-1 positive or negative cells in each tumor. Evaluation of the staining was carried out by two independent observers (M.T. and T.S.) without prior knowledge of the tumor stage or patient profile.
The mean AgNOR number per nucleus (AgNOR count) was calculated for each section. We defined the AgNOR count for MIB-1 positive cells as the proliferating NOR, and for MIB-1 negative cells as the resting NOR. We then compared these AgNOR counts with the ordinary AgNOR count for whole cells (whole NOR). In order to calculate the MIB-1 labeling index (MIB-1 LI), we chose 1000 cells from a well stained area under high magnification and used the following formula: MIB-1 LI (%) = (total labelled cells/total number of counted cells) ×100.
Statistical analysis
The statistical analysis was performed by an analysis of variance (ANOVA). Differences between the means of each subgroup were evaluated by Sheffe's Ftest (multiple groups) and the Mann-Whitney U -test (two groups). To evaluate the predictive value of the NOR count, the patients were divided into two groups of either a low NOR or high NOR according to their average NOR counts. Survival curves were constructed by the Kaplan-Meier method [16] and the differences between the curves were determined by the Log-rank test. A survival analysis was performed using Cox's proportional hazard modeling [17] .
Results
The microscopic findings of double staining with AgNOR and MIB-1 in a bladder tumor are shown in Fig. 1 . A positive immunoreaction to the MIB-1 antibody resulted in an intense red coloration of the nucleus. Clearly defined AgNOR dots were observed in MIB-1 positive and negative nuclei.
NOR counts and MIB-1 LI with clinicopathological parameters are summarized in Table 1 . Resting NORs from 44 patients ranged from 2.45 to 8.61, and the average resting NOR was 5.82 ± 1.72 (mean ± standard deviation). The proliferating NORs from 44 patients ranged from 3.20 to 12.76, and the average proliferating NOR was 8.19 ± 2.32. The proliferating NOR average was significantly higher than that of the resting NOR (p < 0.01). The average whole NOR from 44 patients was 6.89 ± 2.16, and the average of MIB-1 LI was 28.8 ± 10.3 (%).
The correlation between AgNOR counts, MIB-1 LI, and tumor grade and stage is shown in Table ? ?. The resting NOR in a tumor with metastases was higher than that in a tumor without metastases (p < 0.05), whereas the proliferating NOR was not distinguished by metastases. No significant difference of NOR count was observed between grade 2 and 3 and between stage T2 and T3-4.
Twenty patients had died from bladder tumor during the follow-up period. The highest survival rate was observed in patients with a low resting NOR tumor compared with those with high resting NOR tumor (p = 0.002) (Fig. 2A) . The average resting NOR in patients who died (6.76) was higher than that in the patients who had not (5.03) (p < 0.05). In contrast, there was no difference in survival rate between the high proliferating NOR group and the low proliferating NOR group (Fig. 2B) .
The results of a univariate analysis using Log-rank test and a multivariate analysis using Cox's proportional hazard regression model are given in Table 3 . A proportional hazard regression analysis confirmed that only resting NOR had a predictive value for survival in patients with invasive bladder tumor.
Discussion
Transitional cell carcinoma of the urinary bladder is comprised of a spectrum of diseases with diverse natural histories. Seventy to eighty percent of these tumors present as superficial lesions that recur in fiftyeighty percent of the patients [18] . Unfortunately, approximately 15-30% of these recurrent tumors may ultimately demonstrate progression to a higher grade and/or stage. Furthermore, 15-30% of all patients with bladder tumor initially present with muscle invasive tumors, and of these patients 50% whose invasive tumors are treated by radical cystectomy will have a relapse with metastatic disease within 2 years [19] . Therefore, the optimal management of invasive bladder tumor re- Table 2 Correlation between pathological variables and NOR counts and MIB-1 LI Fig. 2 . Survival curves in patients with invasive bladder tumor. Higher survival rate is observed in patients with a low resting NOR tumor compared with those with high resting NOR tumor (p = 0.002) (A). No significant difference is observed in survival rate between the high proliferating NOR group and the low proliferating NOR group (B). quires the detection and accurate assessment of the tumor's biological potential.
Intense research efforts are being made to identify and characterize true biological potential in the various bladder tumors. Proliferating antigens (Ki-67, PCNA), oncogenes (c-H-ras, c-myc, c-erbB-2), peptide growth factors (EGF, FGF, TGF) and their receptors, cell adhesion molecules (E-cadherin, Integrins), matrix metalloproteinase, tumor angiogenesis and angiogenesis inhibitors, and cell cycle regulatory proteins (p53, pRB, p21) have been recently identified [1] . Mutations in the p53 gene which functions as a tumor suppressor gene are the most common genetic alteration in human tumors [20] . The p53 overexpression determined by an immunohistochemical technique is an important prognostic indicator for bladder tumor progression [21] . A significant association was observed between decreased expression of E-cadherin and its associated proteins and poor prognosis of patients with bladder tumor [22] . Despite significant progress in the development and evaluation of various tumor markers, it is not yet possible to make solid recommendations about markers in the management of bladder tumor [1] .
Simultaneous staining of AgNOR and Ki-67 using MIB-1 antibody was first reported by Munakata and Hendricks in paraffin embedded tissue of the ton-sil [23] . In the study by Bigras et al., they described that the AgNOR content in proliferating cell represented tumor proliferation activity and might correlate with cause specific survival period of the patient [11] . We have previously demonstrated the simultaneous staining of AgNOR and MIB-1 and have shown that proliferating NOR had a predictive value for tumor recurrence in superficial bladder tumors [13] . In the present study, although the difference between the proliferating and resting NOR was statistically significant (p < 0.01), the proliferating NOR was not a prognostic marker in invasive bladder tumor. Although the significance as a prognostic marker is still controversial, the resting NOR had a predictive value for survival in these patients. Similarly, Smith et al. performed sequential staining of AgNOR and PCNA in non-Hodgkin's lymphomas and normal tonsil tissues [24] . They described that the AgNOR count in PCNA positive cells was higher than that in PCNA negative cells, indicating that the number of AgNOR was associated with cell proliferation. Furthermore, the AgNOR count in PCNA negative cells in lymphomas was higher than that in normal tonsils, especially in the high grade lymphomas. It was described that the number of AgNOR may correlated with not only cell proliferation but also any other malignant potentials [24] . Nagao et al. reported a double staining of AgNOR and Ki-67 in the patients with hepatocellular carcinoma (HCC) [9] . They described that AgNOR count in resting cells significantly correlated with histological grade in the patients with HCC, whereas AgNOR count in proliferating cells did not correlate. This reports may justify our present results indicatingly that elevation of the resting NOR count correlated with poor prognosis of patients with invasive bladder tumor. This suggested that resting NOR exclusively reflect the malignant potential of cells such as invasion or metastasis and might be useful as a new prognostic factor in patients with invasive bladder tumor.
Although several papers have demonstrated that the fraction of AgNOR depending on the types or numbers of AgNOR dots reflects tumor behavior [25, 26] , our present method is more reasonable for demonstrating tumor aggressiveness by AgNOR. It will be of interest to investigate correlations in other markers, such as protease expression, cell adhesion molecules, angiogenesis, between proliferating and resting cells. The simultaneous staining procedure is more complicated than AgNOR or MIB-1 staining alone, although it may still be an easier and quicker technique than current molecular biological analyses, such as p53, Rb, and cerb-B2 genes [27, 28] . Furthermore, image analysis of AgNOR should be done to evaluate easier and more reproducible [29] . Although further studies are needed, the data presented here suggest that resting NOR can be a useful prognostic marker for select patients with invasive bladder tumor at a risk of poor prognosis. Hopefully, it will be possible to use the simultaneous staining techniques to select patients who should take more aggressive adjuvant therapy after radical cystectomy.
